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~3Y4eH~~ npO~eCCOB 06pa30BaH~R KYMynRT~BH~X npOTOHOB BO 

B3a~MOAe~CTB~RX 4aCT~~ B~COK~X 3Hepr~~ C aTOMH~M~ RApaM~ no­

CBR~erO 60nbwoe 4~CnO pa60T. B RAPO-RAepHWX cTonKHoBeH~Rx, 

rAe MoryT npoRBnRTbcR HOBwe ~HTepecHwe CBo~cTBa KYMynRT~BHoro 

PO~AeH~ R /l' , 3T~ npo~ e c cw, oc06eHHo B 06n a c T ~ 3Hepr~A CBwwe 

HeCKonbK~X r3B Ha HYKnoH, M3Y4eHw cpaBH~TenbHo Mano / 2 - V. 

B HacToR~e~ pa60Te npeAcTaBneH~ HOBwe 3Kcnep~MeHTanbHwe 

AaHH~e no MHo~eCTBeHHWM xapaKTep~cT~KaM ~ ~HKn~3~BH~M cneKT­

paM KYMynRT~BH~X npOTOHOB B 06naCT~ yrnoB ~X BwneTa 9 p > 90° 
~ MMnynbcoB ( 25 0~ 750 ) M3B/c BO B3aMMoAeAcTBMRX npOTOHOB ~ 

J1erK~X penRT~B~CTCK~X RAep d ,He ~ C C flAPaM~ yrnepona ~ TaH­

Tana npM nepB~4HOM ~Mnynbce 4,2 r3B/c Ha HyKnOH. 3Kcnep~MeHT 

B~nonHeH C nOMO~b~ AByxMeTpoBoA nponaHoBo~ nY3wpbKOBO~ KaMC­

pw flB3 O~R~, 06nY4eHHo~ B ny4Kax flAep Ay6HeHcKoro C~Hxpo$a30­

TpOHa. B pa604eM 06"beMe K aMepbl pa aaeuianac b TP~ TOHK~e / - 1 MM/ 

TaHTanOBbie nnacrauu /A = 181/. Me T oA~4cCK~C aonoocu axcnepa­

MCHTa nOAPo6HO ~3no~eHbl B pa60T e 18 , 9/ . 

CT a T Mc T ~ Ka ~cnonb3yeMwx B AaHHoA p a 6 0T e D 3a MMO Ae ~ C T B ~~ npM­

o CA CHa B Ta6n . 1. T aM ~C npMBeAcHw C p CA HMC MHo~e CTBeHHO CTM 

< n ~ > ~ ~HKn~3MBtible C e I.l C H ~ fl C1 A}l AT ( A p - o i aPflA, !I. r - MMWCHb ) 

o6pa30 o n HMfl npOTOHOB C MMnynbc aM~ ( 250 + 750) M3B/c, eune r a o ­

UIMX B 3ilAIi~~ n()l1YC$ CP~ (0 1' ::- 90"' ). np~ Ubll.lM Cn CHMM t-1HKnIOJt-1D­

HblX CC 4C H M ~ o k
A 

A • l1
A
n• • <n k ':> M c non b 300 an~ Cb u cynpyr a e CC-p

I' l' 1'''1' 
81

I.lCHMfl (JAn A AAPO- ~IJ\ CP H IoIX 0 3 <J MMOA c i:1 CT D t-1 ~ . D3 1lT biC M3 p a 6 oTb/ • 
P :ro OT A Cn b HOM KOnOHK C rlpCA CT <J o n CHW MM C IO~t-1 C CIl p C3 y n b Ta Tw p a C4 " ­

Ta ll n o AyoHeHcKoA Bc p eMM K aCKaAHO~ MOn el1M /I\I(M/ I U)I • 

3 <1IJt-1Ct-1MOCTb «t; A T OT a r o a uor o n e e a I1Jlp n - o wpn An A I' a n n p o ­
(( 

K Ct-1 Mt-1 POUil l 1<lCb c r c n c u u o a 3ll ll t-1C HMOCT It IO _ !I. • 1I0Kll 3 ll T CIl b Il JVIII 

HI H T lI JIO OO~ M~WCHM II T IL • o ,68 .!. 0 ,0 3 n p MMc p llO It ll 10:(; (jOJlI,W 

J10K 1'l 3 1'lT CnH HJIA y rnc poAHo~ MHUICtj~ Il l; . O,GI i O, al!. 3 11 I1MCt-1 MOCT h 

MflK n lO:lI-IlIllbIX C C 4C H M~ o r a r o a u o r'o u c c a JI/W ll -MMIU CHIo1 !I. '1' O I <o'l ~HI J1 

npI11( 'fl;14 CCI(M OI\ M fll1 KO ll O ~ /VIII " n L:X CHa p lI l\OU j IlJ.H1 C T C rll~ HH OH n n n p o -
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II/la p p, d , 1111 101 C p ll n Hw COo T II OTc r n l: ll lt o l , 22 J u.o«, 1, 21 
I lJ, O l~ . 1, 26 :1; O, U3, 1. 27 .!. 0 , 03 . Cnlll"iIl Jl :l l!1 IH1 C ~ I MOC T h / u npene­

n a x OI<Cn e p t-1 MCll r,1n h ll l,IX ll lll t-1 CiOl </ rt()I ( tl :sn T l; IIl;11 II '" II 0 '1' I (QM C5I11H 2Illll1~ 
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CC 

ApA T 

pC 

dC 

HeC 

pTa 

dTa 

He Ta 

CTa 

Nc06 . 

356 1 

5029 

1967 

4115 

1673 

117 6 

1597 

1237 

k a
ApA T 

40 ± 4 

69 ± 5 

105 ± 6 

183 ± 14 

108 6 ± 76 

1891 ± 129 

3382 ± 162 

5925 ± 278 

Ta6JIH~a I 

< n k > !lKCn . <nk > AKM p P 

O,1 5 ±O,OI O,19±O,OI 

0,18 ± 0,01 0,20 ± 0,01 

O, 23 ±0,01 0,21 ± 0 , 0 1 

0, 23 ± 0 , 0 1 0,29 ±0,01 

0 ,65± 0 ,02 

0 , 97± 0 ,05 

1,39 ± 0 ,05 

1,73±0,06 

10'" i , , ,. iii i i i i i i i i i i ' i i i iii .. PH C . I. 3aBHcHMoCT b HUKJIIO :3 HBlIOI'O 
Ce'iCHH R: p OlK,D,e H Hfl K yMy JI HTH HH blX 

n p o r o u o s 01' aTOMH!>1X a e.coa CT<lJl­

KHB alO~HXCR RAep . l'O'iK H - 3Kcne­

,rt PHM CH T ilJIbHble Aa H Hb IC , !IHIIHH ­
P C 3Yllb T ilT an;;t p OK CHM<ll(HH Hblpa­

:>I<CIIH e M _A~ A,? . 
Ii 
~ 

w 
{1(1 

H~C np~6n~~cHH~M ~aKTop~30BaH­

tlblM Bblp a)KeH~eM C1 k• A,:" "0' Ap' APr,
1 

rAC U u - 1,86 ± 0,16 M6 , (l C 

'KI' - O,66 !: 0,02, II - 1 , 24 ± 0,02 
,'/ Ipl1c.1/. OTMC1I-1M, 4T O npl1MCpH O 

ru xa a ~c ~aK r OpI13 0 0BHH,JA 3 a 0 I1 ­

CI1 MOCT b paHCC 6~n a nonY4CHa B 
p a 150 Te 1 I 11 AnA I1HKnlO 3110tlhlX C" ­

~-A:;;'~' -" "'l~ 1 1 " " " '0' l4 0HI1 ~ n p o TOHoB e I1Mnyn b c llMI1 

( 0 , 4 + 1) r o B/ c rtpl1 y r n e Dbln e T, 

ep '" 180 0 B nyvxax ItflCP Il , 1111 , C , Ar C 3HCfr l1AMI1 T- /1 + 21 r oB 
Ha HYKnOH ( a :: 2/3, (I to III 3) 11 B p a 6 0 Tc l l! AmI I1tlKn lO 3111l1i biX 

ce 4eH ~ ~ npor o uoa c ~MIlYJlb C aMI1 Pp > 340 Ho B/ e npl1 y r n a x ()" 

> 120 0 B ny-ucax ~AC P He 11 C C I1M n y nb c oM 11, 5 r o B/e lUI lIyK I10tl 

I a = 0,5 ""' 0,7, fJ - I , II + 1 ,6/ . 

2 

Ta 6JIH~a 2 

p~Ap d He C CpeAHee 

k 
aApTa 

2 7 ,2~ 3 , 3 27,4±2, 7 32,2 ±2,3 32 ;4±2 , 9 29 , 8±2 , 3 -k-­

aApe 

nonY4eHHa~ 3aB~C~MOCTb 
k 

OT Ap 6n~3Ka K A -3aB~c~MoCT~aAp AT 

Heynpyroro pA-ce4eH~~ jallA - A2/3 ) , OTKYAa cnenyer ,
k In p . 

4TO o r a o urea a e aAp A T I apAp - A ~Bn~eTC~ C T04HOCT blO AO 10'" 15% 

YH~BepcanbHo~ IHe 3aB~c~~e~ OT T~na ~Apa -cHap~Aal Ben~4~Ho~, 

xapaKTep~3YIO~e~ ~CT04H~K KYMynRT ~ B H~X npOTOHOB - ~APO-M~weHb. 

3TOT ~aKT TeopeT~4eCK~ npeACKa3aH B MOAen~ ManOHYKnOHH~X KOp ­

pen~u~~ /12 1 ~ 3Kcnep~MeHTanbHO nOATBep~AeH B InOM~ HYT~X B~we 
pafior a x 12, 111 . ~3 npencxeaaaaexoro B MOAen~ 11 I "3aKOHa nOAO­

6~~1I ~HKnI03~BHblX cneKTpOB cneAyeT, B 4aCTHocT~, He3aB~C~MOCTb 

OTHoweH~~ ~HKnI03~BHbIX ce4eH~~ a"'~A laX A OT aroxsor-o aeca 
"'I" TI P T2 

~APo-CHap~Aa Ap. KaK B~A HO ~3 Ta6n.2, 3TO np eAcKa3aH~e Bblnon­
H~eTCA C T04HOCTblO - 8%. 

OCT aHOB~MC~ 60nee nOAP06HO Ha 3aB~C~MOCT~ ~HKnI03~BHblX c e 4 e ­
/ 13 H~~ OT Ap . PaHee 6blno nOKa3aHo , 141 , 4TO cpeAH~e MHo*eCT BeH­

H() e T~ n~OHOB <n f7 >ApAT B ~APO-RAepHblX eT onK HOBe H ~~ X nponopuao-

HanbHbl cpenaexy 4~cny npOB 3 aI1MOAC~ CT D oB aBw~x HYKnOHOB flApa­
. A In ,~ In . 

CHap~Aa <lip > ..., p' aNA T '''ApAT ' 

In
A p • O'NAT 

nIT nIT IIIIq, A-r (fIn NAT
 
ApA T
 

3 TOT ~aKT CBI1ACTc n b CTOYCT 0 TOM, MCXll HI1 3MOM 
PO*ACHI1A nl10HOB ABnAIOT CA HC 3 a DHCHM~ HA flYl< n OH 
tl l'ln C T."lI011~ e rO AAp a C SlAPOM- MI1WCHblO, ~ n pOCTOe COOT ­
tlOWCHl1e AnR I1H Kn~ 3I1 DH~ X eC4CH I1 ~ " -M 0 3 0H 

n 
11A I' A l' 

f7 12/ 
AI" "NA" 

HIH!l4C OOCTO"'T neno "' f1H I~MH CCl.O fHlIlMI1 KYMymI TI1 ~lIU~ X 

npOTOHOB , KaK cnc AY H3 npCACTIJRnCI4H I.IX ­

4n CTb B~ pa*C HI1A 121 J\nn I<YMYl1AT"' Ill HIolX 
/.\I1 HHllbl ~ 3 a MCTtlO II~ C~ T o'r AI' ~ , 

3 
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Tat5nH~a 3 

d He C 

R (Ap , C) 0,86 ± 0,11 0,66± 0,08 0,38±0,OS 

R (~, Ta) 0,87 ± 0,09 0,78±0,07 0,4S ± 0,04 

::;:Ap 

OT AT: 

n.-, 
'" R(Ap,A T ) < 1. /31

Ap'C1~A
T 

3KCnepl-1MeHTallbHbie 3Ha4eHI-1l'l R(Ap,A T) npl-1BeAeHbl B Ta6ll.3, 
1-13 «oropoa cnenyer , 4TO BblXOA npOTOHOB Ha3aA Ha 0AI-1H npoaaau­
MOAeiicTBOBaBWI-1i1 HyKllOH l'lApa-CHapl'lAa YMeHbWaeTCl'l C POCTOM Ap • 

npl-14eM 3TO YMeHbWeHl-1e, B03MO~HO, HeCKOllbKO 3aMeTHee Alll'l 60llee 
llerKoi1 MI-1WeHI-1. 3TOT 3KCnepl-1MeHTallbH~ii $aKT Mo~eT 6~Tb 06bl'lCHeH 
AByMl'l 06cTO~TenbCTBaMI1. Bo-nepB~X, npl-1 npOXO~AeHI-1I-1 l'lApa-CHapl'l ­
Aa 4epe3 MI-1WeHb B nocneAHeii npOI1CXOAI1T pa3pyweHl1e HyKnoHHblX 
KOppelll'l~l1ii : C POCTOM pa3MepOB CHapl'lAa 3TOT 3~eKT YCl-1nI1BaeTCl'l 
Inpl1 3TOM OTHOCI-1TenbHal'l AOnl'l pa3pyweHH~x Koppenl'l~l1ii npl1 $I1KCI-1­
pOBaHHOM Ap Aon~Ha 6~Tb 60nbwe AnR 60llce nerKoro l'lApa-Ml-1weHI-1/. 
B3aI1MOAei1cTBl1e 4aCTl1 HyKllOHOB CHapl'lAa C HeKOppelll1pOBaHH~MI1 Hy­
KnOHaMI1 MI1WeHI1 He Mo~e T npl1BeCTI1 K 06pa30BaHI1~ 4epea MeXaHl13M 

" 11 2/ 
ManoHYKnOHH~x KoppenR~l111 KYMYllRTI-1BH~X npoToHoB. 4a CTl14HO 
nOAaBnl'l CTCA TaK~e APy roi1 MeXaHl13M, l1rpa~~I1i1 3aMeTHY~ ponb 
B 0 6 pa300aHl111 KYMYllATl1BH~X npoTOHOB, - nornO~eHI1C Mal103Heprl14 ­
HblX nl-1 0HOO H<l cxoppenapoaa-u-ux HYKllOHHblX napax Ml1W eHl1 C Obl11° ­
TOM npor oua Iia 3<l A I A. HI, 16/. 

BO-IJTOPbIX I Bbl ll CT a~IIIl1 C B 3aA H~~ nonyceepy nno'rouu 113 Ml1W CHI-1 
MoryT nepcpn cc c nr s c n ti ll HYKllOHLlX CHa p l'lA<l 11 BblllCTCTb IIOA MCHb­
WI1MI1 yrllClMI1 IB 4 11 CTHOCTI1 I nOA yrllClMl1 0 p < 90° I. BKllClA TaKl1X 
nepepa ccesaaa Y O Clll1'~l10 lJ C T CH C POCTOM Ap; npl1 3T OM ()~I1Ail CT C Jl 

TaK~e HeKOTOpo C 11 3MCIICHl1C I CAIll1r B CTo pOHy MCHbllll1X yrncn/ y r ­
110BbiX pa c n pCACnCttl1l:1 KyMYll JlTl1 DtlbIX npOT OHOS. Ilnw\.1 3 KCnOp \.1 MC It ­
Ta11bH~e AaHH~c nOA TIJ Cp~ACl ~T 3 TO Ipl1c,2/; Go ncc l ~ r11JlAHO 3T O 
1-13MeHeHl1e BI1AHO 113 Tt'IGn . 'j , r AO n penc r nnn e u u or uoureu an 
N(900 dJ < 1200)/N(120 () <O c 180 0 ) OblXOAOB noo r o uo u , 81 ~ l1 CT ll ~UII1X 

Ha3<lA 113 l'lApc.l yrn coona npl1 U3ilI1MOAc i1 CTDI1\.1 C 1~ l1 M pt'l3J1114 HldX CIi" ­
PRAOB . 

KaK OTMe4Clll0 Cb HblWC , Tl1 "IPll~C ­

HI-1I-1 131 OT ilT OMHo r o nc c l'l JlAPI'l ­ LITO o (5p " ­
30B<lHI1C KYMYll nTl1nttblx npOTOHo n u HI111 X 

4 
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QJ pc dC H.e cc AeneHHH KyMynHTHBHb~ 

npoToHOB. TOqKH - 3K­
~ cnepHMeHTanDH~e AaH­

~o.2 Hble, rHCTOrpaMMa na 
~1Z AaHHOM H APyrHx pH­0.1 

cyHKax - paCqeT no 
o ~', I" I I I I ,C', I ' I , , , ~ . ,', , I I ' I I E KacKaAHOH MOAenH.-I ·oJ -05 -IlO-02 0 '1 ' 08 -01\ ' 0 ' ,02 U·1- OJl- 0 6- 0Q-o.2 0 ·1 -0.8 - 0...· 0 ' · 02 0
 

<:os'" C05Q cosQ cosQ
 

Ta6nHl~a 4 

pC dC He C CC 

~ 
(90°< e < ) 20 ° ) I ,93:±:0, 14 I ,9S±0, 12 2 , 24 ±0. 18 2,89 ±O,21 

() 20 0 < () < 180°) 

Hellba~ paCCMaTpl1BaTb KaK pe3ynbTaT He3aBI1CI1M~X B3al1MOAeiicTBl1A 
HyKnoHoB cnapana C MI1WeHb~. Ilpencr aanaer c s I1HTepeCHb lM Bbll'lCHI1Tb, 
KaKa~ 3aBl1Cl1MOCTb OT Ap npoRBn~cTc~ B HHKll~al1BH~X cneKTpax 
KYMynl'lTI1BH~X npoToHo B B pa3nl14H~X o 611a cTAx $a 30 Bo ro npocTpaHcT­
ea. B AaHHoA pa60Tc TaKoe l1CCllCAOB<lHl1C npo ~ eAeHo AnR yrncpoA­

Ho A MI1WeHI1. 
3KCnepl1MeHTanbH~e AaHH~e no I1HBapl1aHTH~M l1HKll~3I1BH~M CC4e­

Hl1AM r _ Ed 30' I dp 3 KYMYllRTl1BHbIX npOT OHOD B Ap C- 1l 3 <l l1MOAe Ac TBl1 l'lX 
lAp . p, d ,He, C I npl1 I1Mnynb c c 4, 2 r 3 B/ c Ha HyKllOH npOACT 
11CH~ B Ta6n.S-8 11 Ha Pl1c.3 IAlll'l p C- D 3 al1MOA c A CTDl1~/, r Ae npl1BO­
AnTcA T <l K ~ e pe3YllbTaT~ a n n pOKCHM<l 4 11 l1 l1HBnpl1 aHTH~X C C4CHl1~ B~­

pa H< CIIHCM 

r(T p • COB 0P ) • C ( COB 0 P ) 6XP ( - '1'p / '1' 0 ( COl' () I' ) I • 

npo-T ". COB ()p - Kl1H CTl14CCKlHl 3 HCp r l1 H H y r on aun 

- II :1lIl1 MOACi1 ­
y rllo o per l1 ­
t4L1 1I1HX AlIlI­

I1H 

11eT <l~U\ 

To OT 

141 



pC-B3aHMO~eHCTBHR 

TaOJIHu;a 5 

Tp ,M3B 
-­

6p ' 90° + \00° 100°+110° 110°+130° 130° +180° 

25 + 75 

75 + 125 

125 + 175 

175 +225 

225 + 275 

449 ± 45 

121 ± 20 

31 ± 9 

9 ± 4 

3 ± 2 

322 ± 38 

89 ± 17 

28 ± 8 

II ± 5 

3 ± 2 

304 ± 28 

58 ± 10 

18 ± 5 

5 ± 2 

3 ± 2 

173 ± 19 

32 ± 7 

17 ± 5 

5 ± 2 

3±2 

To 33,8 ± 0,8 42,1 ±3,2 37,8±O,7 40,6 ± 3,0 

dC-DsaHMo~eHcTBHH 

TaO!1Hl(.:J, 6 

.....
Tp,M3B 

6p 

"' 

90°+\ 00° 100° :. 110° 110° +130° 130 ° +180° 

25 + 75 

7S +1 25 

84/. ± 64 

228 i 28 

61 () .t 55 

166 i 24 

439 ± 35 

80 ± \2 

:340 !: 28 

76 ± II 

125 +17 5 33 ± 9 2H ± 9 33 ± 7 17 ± 5 

175 + 225 17 !: 6 I~ ± 7 9 ± '3 II ± :I 

225 ..:. 27 5 10 ± /1 6 1: 3 4 ± 2 5 ± 2 

To 3 7 , 6 i O, 6 /10,0 ±0,8 38 , I ± r , I 39 . I ± I .6 

nax OW~60K RaHHoro 3Kcncp~McHT a/, TO 0 HeC- H CC­
B~AX Ha6n~RaeTCA 3aMeTHoe InpHMepHo B non To pa poaal 
H~e Toe pOCTOM Op j ecna B o6na c TH yrnoa Or . 
T~4eCK~e cnex r pu npOTOHOll B HcC- H CC- D3 a HMOACI1 CT 
KO ~eCT4e, 4eM B pC- H dC - 0 3 aHMOAc~CT OHAX. TO npH 
na x Op = 130°+180 ° Knp THHa MOHACTc n Ita nporwnonon 
6CHHO AIlH CC-B 3a~MOA c I1 C TUH A. 

TaOJIHu;a 7 
HeC-B3aHMO~eHCTBHR 

90°+100° 100°+110° 110° +130° 130° +180° 

! 
25 + 75 1145 ± 125 791 ± 104 718±75 450 ± 54 

75 + 125 274 ± 52 225 ± 47 121 ± 26 106 ± 22 

125 + 175 134 ± 32 118 ± 30 22 ± 10 15 ± 7 

175 +225 47 ± 18 40 ± 16 8 ± 6 6±4 

225+275 24 ± 12 7 ± 6 4 ± 3 4 ± 3 

T 
0 

46,4 ± 3,7 45,9±I,4 33,6 ± 0,5 33,1 ± 1,2 

CC-B3aHMoAeHcTBHA 
Ta6!1Hu;a 8 

0:::::::, fJp 

T p ,~ 90° +100° 100°+110° 110°';'1 30° 130°+180° 

25 + 75 

75 + 125 

12.') + 175 

175 + 225 

2258 i 166 

700 ± 78 

146 ± 32 

96 ± 24 

1672±14] 

519 ± 67 

167 ± 34 

42 i 16 

1214 ±92 

264 ± 36 

55 i 15 

20 ± 8 

662 ± 62 

1:39 ± 24 

10 ± 6 

6 ± 4 

22 5 + 275 58 ± 17 21 ± 10 15 ± 7 4 i 3 

To 44,2±I,4 /.2, 3 ± 2, 3 37 , 1 i O, 6 27,6 i O, 9 

B T1l6 n . 9 np~BeAc~lbl OT HOWC H~ 11 HIHl apWIHTHLIX ~ CH H H n pOTOtlOU 

( I , r" I I :I ) 1 !, ( tt (II A U 
r (T .6 ) . - \I 151 

A., P P A p (Ed80'/dp8)(l 

An" ~CT ~pex 061laC TCH 'r p 

H O\,. KaK B~AHO ~3 T HOWOHHR 
r A., (T),. 6p ) C pOCTOM HIl MIO 

7 

90° +100 o 

6 
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10SL iii Iii i , i PHc.3. HHBapHaHTH~e HHKITW3HB­
H~e ' ce~eHHH KYMynHTHBHWX npo­
TOHOB B pC-B3aHMOAeHCTBHHX: 
• - pC-B3aHMOAeHCTBHH npH HM­
nynbce 4,2 f3B/c, 8 = 110 ° ­
130°; • - pC-B3aHMOAeHCTBHH, 

10' 3,0 f3B/c, f) = 119°; 0 - pC­
B3aHMoAeHcTBHH, 5,0 f3B/c,:t f ·h 

~ (} = 119°.'"•
1i!. T t~ t r~101 

Ij# r 
1J I I I I I I II 

005 mo 015 020 025 
T, rse 

T30JIHI~3 9 

d lie cAI' 

25 < Tp < 75 
0,911 ± 0, I () 0, 63 ± o, 12 o ,112 ± 0, os90 ° < Op< 110 ') 

75 
0 , 86 ± 0, 15 0,7 4 ± 0, (II 0 ,'19 ± 0,09

90 ° <81' 

0, 82 ± 0, (I, O, 6 1 ! O, 12 o,33 ± 0, OCI
I (0 0 < Op <180 ° 

o,8 J :1: (), ( I, O, 51 !O,IO 0 , 30 ± 0 ,0"
I I ()°<0 < 180 ()

I' 

P1I3PYlIIOt t lil 1l HYK11 0lHiblX 

npOTOIIO 1l110 1110­

- ll b lllHX 110 ° + 
M:.O. 

PHc.4. PacnpeAeneHHH no MHO­
~eCTBeHHOCTH KYMynHTHBHb~ npo­
TOHOB. 

0.81- I pC 1.., de 1= HtC 1_ CC 

~ 

~0.6 

3 
0.4 

0.2 ~ 
'""Iz 

0 

?He.5. HMnY.rIbCHble cnex rpsr KY- ~ -z
10 I I I I I I I I I I D'1 

MynliTH8HbiX npOTOHOB B pC-BSal1- , O.li 0.5 0.6 0.7 
MOA eelcTBHHX. 

de 

-1 
10 

*" ~ 
~ -I ...1 

10-1. 

Pile . 7 . '1'0 lim , '1 '1'0 II 1111 pile . :', 
IlJI II II t: C -II :HIIIMOwdlc~ '1'1II1 11 . 

Puc , (j . '1'0 )!W, 'IT O II 1111 )I 1Ie; • • , 

I !,JIII dC - Il:JI.lHMO/wik 'l'llIlll . 

DH 



0.3 0.4 0.5 0.6 0.7 
P, r3B..e 

PHc.8. To ~e, ~TO Ha pHc.5, 
·gnH CC-BsaHMoAeHcTBHH. 

Ha p~c.4-8 Haw~ 3Kcnep~MeH­

TanbH~e AaHH~e AnH pacnpeAene­
H~~ no MHo~eCTBeHHOCTHM ~ 

cc 

~MnynbcH~e cneKTp~ KYMynHT~B­-1;
10 H~X npOTOHOB B (p, d, He, C)C ­

B3a~MoAe~cTB~HX cpaBH~Ba~TcH 

c npeAcKa3aH~HM~ Ay6HeHcKo~ 
~~ aepcu« KacKaAHo~ MOAen~ 1101 •
 
~jz
 

B~AHO, "ITO MOAenb B ~enOM He­
nnoxo on~c~BaeT YKa3aHH~e pac­
npeAeneH~H, XOTH ~MeeTcH HeKO­
ropoe npeasnueuae pacveruux cpea­
H~X	 MHo~ecTBeHHocTe~ HaA 3Kcne­
p~MeHTanbH~M~ ICM.TaKw.e Tn6n. II, 
a ~MnynbcH~e pacnpeAeneH~H B 
MOAen~ npeAcKa3~Ba~TcH HeCKonb­
KO 60nee ~ecTK~M~, 4eM B 3Kcne ­
p~MeHTe. 

OCHOBHblE PE3YIlbTATbl 11 BbIBO.abl 

1 . 113MepcHbi ~HKn~ 3~BHble ce4eH~H 06pa30BaH~H npOTOHOB c ~M­
nyn b caM~ ( 0, 25 ';' 0,7 5) r3B/c, B~nCT a~IlIl-1X B 3aAH~~ nonyceepy 
8 n.C.K., 80 D3 a ~ MOAe ~cT B~RX npOTOHOB, HAep A C~ T CPHIl, r Cnl-1H 
~ yrncp oAD C RApaM~ yrnepOAa H TaHTana npH ~Mnynb c c 4,2 r3B/c 
H3 HyKnOH. nonY4 CHHbiC A.1HHblC co r naCYIO TC R C npeACK1l 3bl oaCMbiM 
B MOA cn~ ManOHYKnOltHblX Kopp cnR~~i1 " 3lJKOHOM nOAoOl-1n" AnR ~HKn~ ­

3~BH~X cnCKTpoo. 
nonY4CHo nl='H6nH)l(e HHOe <PlIKTOPH ~PUMIHOC B bl pa~cHHC Ann HHKIl ~ ­

3HBHbiX CC4miH ~I: C1~ I , A T. (1
0, 

A ~,. A~, rn e un • 1, 86 ±0,16 MO, 

a n	 0,66 :1 0,02, fl - 1, 24 t 0, 0.. . 
2. 113MCPCltl,I HttDllPH ClH TliblO HHKIl~ 3H DH bI 

npOTOH()B B AI'C- O:HIHMOAoi1 CTOHHX I A 1' ­

3£1HHC ua HCKOTopoe nOAi'JlJnCHI1C OblXOAO 
nOA ,GonbwHMH yrrUJMH I1 pH yncllHI.lCH1111 
Apo "ITO MO)l( CT t5blTh HltTCpnpe THpOOliHO 
nep cp nc c ennan KYMymlTl-l llllLIX npOTOHOl1 

10 

B 3aKn~4eH~e aBTOp~ B~pa)l(a~T npH3HaTenbHOCTb KOnneKT~BY 

COTpYAHH4eCTBa no 06pa6oTKe CHI1MKOB C ABYXMeTpOBO~ nponaHoBoi1 
KaMepbl IlB3 0I1~11 sa nOMOIl\b B nonY4eHHH ~ o6pa60TKe 3Kcnep~MeH­
TanbHoro MaTep~ana ~ 06c~AeH~H. 
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